Abstract: Plankton living in the deep ocean either migrate to the surface to feed or feed in situ on other organisms and detritus. Planktonic communities in the upper 800 m of the tropical and equatorial Atlantic were studied using the natural abundance of stable carbon and nitrogen isotopes to identify their food sources and trophic diversity. Seston and zooplankton (>200 µm) samples were collected with Niskin bottles and MOCNESS nets, respectively, in the epipelagic (0-200 m), upper mesopelagic (200-500 m), and lower mesopelagic layers (500-800 m) at 11 stations. Food sources for plankton in the productive zone influenced by the NW African upwelling and the Canary Current were different from those in the oligotrophic tropical and equatorial zones. In the latter, zooplankton collected during the night in the mesopelagic layers was enriched in heavy nitrogen isotopes relative to day samples, supporting the active migration of organisms from deep layers. Isotopic niches showed also zonal differences in size (largest in the north), mean trophic diversity (largest in the tropical zone), food sources, and the number of trophic levels (largest in the equatorial zone). The observed changes in niche size and overlap (up to 71% between the mesopelagic layers but <50% between the epipelagic and upper mesopelagic layers) support the prevalence of in situ feeding at deep layers in tropical and equatorial zooplankton.
Introduction
The food of zooplankton is ultimately provided by the production of phytoplankton in the upper layer of the ocean [1] . Only part of this production is consumed in the surface while the rest is remineralized on its way down the water column by prokaryotes and pelagic fauna. A fraction of these animals (including zooplankton) is composed by vertical migrants feeding at shallow ocean layers and releasing carbon through respiration, defecation, excretion, molting, lipid consumption and mortality, also supporting deep-sea food webs [2] [3] [4] . Thus, the active transport of the surface production by the migrant organisms complements the gravitational flux of the settling organic matter in the sequestration of carbon in the deep ocean [5] . However, while the passive flux of particulate and dissolved organic matter has received considerable attention (for example, References [1, 6] ) the influence of the vertical migrations of pelagic organisms on the biogeochemistry and on the food webs of the deep layers of the ocean is still poorly known.
There is a large variability in vertical migrations. Migrating organisms include phyto-and zooplankton [7, 8] , fish [9, 10] , cephalopods, seabirds, mammals, and even reptiles [11] . Most migrations have been related to the daily light cycle but also to the lunar [12] and seasonal periods [13] . One of the major drivers of these migrations is food [9] . Consumers migrate to the layers where resources are more abundant (generally near the surface) and predators follow their prey. Prey species, in turn, migrate to layers were predation can be avoided (generally in deep layers of the dark ocean). Migration towards the surface occurs mainly during the night (as most predators in the epipelagic layer rely on visual cues) while downward migration occurs during the daylight period [7, 8] . As mobility depends on organism size and type, the concept of a "migration ladder" was applied to describe the vertical movement of zooplankton in the deep ocean [7] . Each organism would have a certain mobility range and, thus, could reach the resources mostly in nearby layers. This concept was extended by taking into account the trophic implications to the hypothesis of "cascading migrations" [8] , where the search for trophic resources by organisms in a given trophic level prey triggers the migrations of organisms in upper trophic levels.
Analysis of food sources and trophic structure can be made through the analysis of the natural abundance of stable isotopes in organisms [14] . As light isotopes are preferentially mobilized in chemical reactions, heavy isotopes accumulate in some substrates and through the food web. For instance, the different sources of inorganic nitrogen sustaining primary production in the ocean had distinct isotopic signatures that can be traced in consumers [15] while carbon isotopes can trace the phytoplankton composition [14] . One application of stable isotopes is the characterization of the trophic niche (that is, the multidimensional space of the feeding resources used) by the quantitative estimation of different metrics of the isotopic niche (that is, the multidimensional space defined by the stable isotope abundance of the main elements) either considering individual species, communities or whole ecosystems [16, 17] . Spatial and temporal variations in the resources available for the same or different species or whole communities and the degree of overlap between different trophic niches can be estimated by this method [18] . In the case of trophic migrations in the ocean, a large overlap in the trophic niche of organisms collected in different layers would indicate intense and active migration between layers, while low niche overlap would apply to non-migrating, in situ feeders. Previous studies with zooplankton reported an increase in heavy nitrogen isotopes with depth that was interpreted as the result of changes in the quality of the organic matter (that is, microbial reworking) and trophic structure (that is, an increase of carnivory) from the surface to deep ocean layers [19] [20] [21] . These findings suggest that migration is restricted to adjacent layers. However, some organisms (as Mysidacea) are able to perform large migrations [7] and large clusters of mesopelagic fish move periodically to feed on surface prey [22] , thus, in agreement with the "cascading migration" hypothesis. To our knowledge, isotopic niche metrics were not yet applied to the study of vertical migrations of zooplankton in the ocean.
The tropical and equatorial regions of the Atlantic include regions of contrasting productivity. Oligotrophic waters dominate in the western sector [23] while upwelling near the North African coast and its interaction with the Canary Current and the islands favors the existence of diverse habitats in the transition from the highly productive shelf waters to the oceanic region [24, 25] . Additional environmental variability is provided by the influence of diazotrophy (atmospheric nitrogen fixation) in the subtropical region, generally more important in the western waters but occasionally affecting also waters near Canary Islands [26] [27] [28] [29] [30] . Zooplankton composition and biomass in this region reflect the productivity of the surface waters (for example, References [21, 25] ) and previous studies on the vertical migrations of zooplankton [12, 25] and mesopelagic fish [31] showed a measurable impact of these movements on carbon fluxes and export to deep ocean layers. Stable isotopes revealed that some of the most abundant mesopelagic fish (as myctophids) greatly depend on zooplankton [32] , while copepods (one of the most abundant zooplankton taxa) showed a marked increase in heavy nitrogen isotopes with depth [21] .
The objectives of the present study are (1) to identify differences in the sources of carbon and nitrogen for regional plankton food webs, and (2) to analyze the isotopic niche characteristics of plankton in the epipelagic and mesopelagic layers across the tropical and equatorial Atlantic in the context of trophic migrations. Specifically, the size and overlap between niche estimations in the different layers and zones are examined to ascertain whether local plankton food webs share the same resources (that is, large niche size and overlap) or are the result of local feeding (that is, small niche size and overlap).
Materials and Methods
Plankton samples and water observations were obtained from stations occupied during the "Migrants and Active Flux In the Atlantic ocean" (MAFIA) cruise, between 5th and 28th April 2015, in a transect from Brazil to the Canary Islands (Figure 1 ). For the purposes of this study, the sampling stations were grouped into 3 zones of characteristic oceanographic conditions [30, 32] . Vertical profiles of temperature, salinity, and fluorescence down to 3000 m were obtained at each of the 13 stations using a Seabird 911 Plus conductivity-temperature-depth (CTD) instrument equipped with a Seapoint Chlorophyll Fluorometer Sensor and attached to a Niskin bottle rosette for water sampling. Plankton samples included phytoplankton, small zooplankton, detritus (seston, 0.7 to 200 µm), and mesozooplankton (200 µm) consumers. Seston was obtained from up to 4 L of seawater collected at 5, 200, 500, and 1000 m depths and at the deep chlorophyll maximum, pre-filtered through a 200 µm mesh to remove mesozooplankton, and subsequently filtered onto glass fiber filters (Whatman GF/F, nominal pore size 0.7 µm). Filters with seston were stored dry (50 • C, 24 h) until processed for isotopic analysis in the laboratory. Zooplankton samples were collected with a MOCNESS-1 net (1 m 2 of the mouth area and 200 µm mesh size) during both daylight and night periods (one haul per period) at up to 8 depth layers between 800 m and the surface. In this study, three water layers were considered: epipelagic (surface to 200 m depth), upper mesopelagic (200-500 m), and lower mesopelagic (500-800 m). Subsamples (5-10% of the total sample volume for each level) were stored frozen (−20 • C) for subsequent separation of individual organisms and stable isotope determinations in the laboratory. Specimens were determined at the lowest taxonomic level possible (Supplementary Table S2 ) for each water layer sample and analyzed at this level for stable isotopes. Individual taxa were further grouped in trophic guilds, according to the literature [21, 33] : herbivorous copepods (Family Calanidae), omnivorous and carnivorous copepods (genera Candacia, Centropages, Paraeuchaeta, Pleuromamma, Metridia, Euchirella, and Corycaeus), large crustacean mesozooplankton (Euphausiacea, Amphipoda, and Decapoda), and Chaetognatha.
Determinations of the natural abundance of carbon and nitrogen isotopes were made on dried (50 • C, 48 h) seston and plankton samples ground to a fine and homogeneous powder with mortar and pestle, packed into tin capsules which were fed into an elemental analyzer (Carlo Erba CHNSO 1108) coupled to an isotope-ratio mass spectrometer (Finnigan Matt Delta Plus). Individual specimens of each low-level taxonomic group were pooled until obtaining ca. 1 mg dry weight for isotopic determinations. Values of natural abundance of stable isotopes were reported as δ 13 C or δ 15 N (‰) relative to Vienna Pee Dee Belemnite or atmospheric nitrogen, respectively [34] . International Atomic Energy Agency USGS40 and L-alanine isotope standards were analyzed with the samples along with internal acetanilide and sample standards with offsets between certified and measured values <0.1‰. The precision of replicate determinations of standards and samples for both isotopes was <0.1‰ and <0.3‰ (n = 3), respectively. Isotopic determinations were made in the Servicio de Análisis Instrumental of the Universidade da Coruña (Spain). Due to the variable lipid content of plankton samples, δ 13 C values were normalized using a linear regression with the sample C: N value determined for aquatic animals [35] . Values for seston were not corrected because there is no significant relationship between algal C: N and δ 13 C ( [35] ) and, furthermore, the mean ± SE C: N mass ratio was 10.14 ± 0.03 (n = 61), indicative of a low lipid content, and was homogeneous for all zones (ANOVA, p > 0.05, Supplementary  Table S3 ). Further details on sampling and analysis can be found in previous articles on the MAFIA cruise [30, 32] . The original isotopic and elemental composition dataset used in the present study is available at PANGAEA (https://doi.pangaea.de/10.1594/PANGAEA.890257).
Preliminary analysis of the differences in stable isotope signatures between zones and layers were made using ANOVA and post-hoc paired tests. It was assumed that their variability in the epipelagic layer reflected the diversity of carbon and nitrogen sources within each zone. The analysis of isotopic niche width was made in the isospace defined by δ 15 N vs. δ 13 C plots of each seston or plankton guild samples using the software package SIBER [18] . The standard ellipses were computed for each combination of depth layer and oceanographic zone thus representing the variability in foraging habits and resource use in these spatial domains [16, 17] . For this analysis, night and day samples were combined for each layer to increase the number of data points and reduce the effects of sample size [18] . Several metrics (Layman metrics) were computed to characterize the ellipses [16] : NR: δ 15 N range (diversity of trophic levels and nitrogen sources), CR: δ 13 C range (diversity of carbon sources), TA: total area of the convex hull encompassing all data points (a measure of trophic diversity and size of the isotopic niche), CD: mean distance to the centroid (averaged measure of trophic diversity among consumers), MNND: mean distance to the nearest neighbor (trophic redundancy, lower when isotopic niches are similar) and SDNND: standard deviation of the distance to the nearest neighbor (trophic evenness). Final analysis of niche overlap and width between layers and zones were made using Bayesian inference of the standard ellipse areas (a better estimator of trophic niche size than TA) to account for the uncertainty in sample data [18] . Ellipse statistics were computed from 10 4 estimations per water layer while for graphic representation, only the maximum likelihood ellipses were used.
Results

Oceanographic Zones
The sampled transect was characterized by marked thermohaline stratification, with high surface temperature, deep fluorescence maxima, and low POC concentrations in most stations (Figure 2 ). The exceptions were the northernmost three stations (particularly St. 11) with surface temperature values below 20 • C and high surface fluorescence and POC.
Based on previous interpretations of the oceanographic conditions and, particularly, taking into account the mean values of temperature, POC, PON, and fluorescence in the epipelagic layer (Supplementary Table S1 ), the plankton sampling stations were grouped in three zones. Zone 1 included the stations with high surface POC and fluorescence (St. 11 and 12). Zone 2 comprised the tropical zone (St. 7, 8, 9, and 10) characterized by a sharp thermal gradient between the surface and ca. 50 m depth, where there were weak fluorescence and POC maxima. Zone 3 included the equatorial domain and stations near South America (St. 6, 5, 4, 3, and 2); all characterized by very low fluorescence and POC values.
Zonal Variability of Carbon and Nitrogen Sources
In the epipelagic layer, there were no significant differences in the mean δ 15 N of seston among zones ( Figure 3) . However, herbivorous copepods showed a lower δ 15 N mean in zone 1, lower indeed than the corresponding mean in seston. It must be noted that all δ 15 N values were positive, with mean values >4‰. In turn, the mean δ 13 C for both seston and copepods in zones 2 and 3 were lower than in zone 1. 
Day-Night Variability of Nitrogen Isotopes Among Plankton Guilds
Values of δ 15 N of all plankton guilds increased with depth in all zones (Figure 4) . Such an increase was significant for all layers considered (ANOVA, p < 0.001, n = 631). Chaetognaths had always had the highest values but the lowest values were not always observed in herbivorous copepods. Additionally, there was a large overlap in the ranges observed for the pre-defined guilds. Within the layer day and night samples, similar δ 15 N means for all guilds in zones 1 and 2 were shown but there were significant differences in the means for the upper and lower mesopelagic layers in zone 3 (Figure 4c ). In the latter case, δ 15 N measured in night samples was higher than the values measured in day samples, while no differences were observed in the epipelagic zone for any guild. 
Isotopic Niche Estimations
The isospace defined by δ 15 N and δ 13 C revealed also differences among zones with the largest δ 13 C ranges in zones 1 and 2 and maximum δ 15 N in zone 3 ( Figure 5 ). In general δ 15 N values were >4‰, but in some samples of zones 1 and 3 values were <2‰. The distribution of data resulted in distinct ellipses by layers but with relatively large overlap between them. The Layman metrics computed from Bayesian estimates of the corresponding ellipses by zones confirmed the largest diversity of trophic levels in zone 3 (that is, highest NR), while zones 1 and 2 had a larger variability in carbon sources (that is, larger CR) than the former. According to the values of TA, zone 1 showed the largest isotopic niche, while that of zones 2 and 3 was of a much lower size ( Table 1) . The mean trophic diversity (indicated by CD) was of similar magnitude in all zones but slightly higher in zone 3. All zones showed similar values of trophic redundancy (indicated by MNND) while the distribution of trophic diversity (indicated by SDNND) was more even in zone 1 than in zones 2 and 3. Table 1 . The mean and standard error (SE) of Layman metrics of the Bayesian estimates of the areas defined by δ 15 N and δ 13 C of seston and plankton for each zone identified in Figure 1 (all depth layers combined). NR: δ 15 N range, CR: δ 13 C range, TA: total area of the convex hull, CD: mean distance to the centroid, MNND: mean distance to the nearest neighbor, SDNND: standard deviation of the distance to the nearest neighbor. All metrics are expressed as ‰, except for TA, which corresponds to standardized values. The size of the isotopic niche estimated by the standard ellipse areas was highest for the lower mesopelagic layer of zone 3 and lowest for the epipelagic layer of zone 2 ( Figure 6 , Supplementary Table S4 ). The niche size decreased from the upper to lower mesopelagic layers in zone 1 but increased with depth in zones 2 and 3. In the latter zones, the variability in the estimations of niche size in the epipelagic and upper mesopelagic layers was quite low, indicating a large homogeneity in resources and trophic diversity in these layers, while the lower mesopelagic layer (particularly in zone 3) had much larger variability. The similarity between isotopic niches, indicated by the overlap between the corresponding ellipses, was highest in case of the upper and lower mesopelagic layer of zone 2, and lowest for the epipelagic and upper mesopelagic layers of zone 1 ( Table 2) . Minimum overlap (< 50% of the non-overlapping area) was found between the epipelagic and upper mesopelagic layers in all zones. There was a moderate overlap (34 to 47%) between the epipelagic and lower mesopelagic layers. In contrast, the overlap between the upper and lower mesopelagic layers was always high (> 50%) in all zones. 
Discussion
In this study, the food sources and trophic diversity of epipelagic and mesopelagic plankton in the tropical and equatorial Atlantic were investigated using stable carbon and nitrogen isotopes. The differences found in the zones sampled in this study are consistent with the surface productivity regimes, in agreement with previous descriptions of the same cruise [30, 32] , and entail marked differences in the trophic resources available within each zone. Stations in zone 1 were affected by the northwest African upwelling and by the high salinity of the Canary Current. These oceanographic features favored high productivity in surface waters related to high inputs of nutrients. Zone 2 had the characteristics of strongly stratified tropical waters, with low productivity and phytoplankton biomass in the surface, but a relative increase in phytoplankton fluorescence near 50 m depth near the equator. In zone 3, thermohaline stratification was high in the upper 200 m, particularly in the southernmost stations, with very low phytoplankton and seston concentrations and a weak fluorescence maximum that deepened to the south of the equator. These characteristics, along with the change in the mode of central waters found between 200 and 500 m in the region north of the equator [30] , justify the separation of these zones adopted in this study. The observed changes in stable isotope composition of seston and plankton are consistent with the differences in productivity and likely in the phytoplankton composition between these zones The enrichment in heavy carbon isotopes (that is, less negative δ 13 C values) found in seston and zooplankton in zone 1 is indicative of the dominance of diatoms [14] , also characteristically associated with phytoplankton blooms induced by the upwelling [24] . In contrast, low δ 13 C values of the same compartments in the tropical and equatorial zones agree with the dominance of picophytoplankton and other non-diatom phytoplankton groups in these waters [36] . For instance, δ 13 C values for seston fractions dominated by picophytoplankton (0.7-2 µm) were 2-3‰ lower than those dominated by diatoms (2-64 µm) in the western Mediterranean [37] Nitrogen sources may also vary between zones, even when the observed δ 15 N values for seston in the epipelagic layer suggest otherwise. The low δ 15 N values observed in epipelagic copepods of zone 1 could be interpreted as indirect evidence of diazotrophy because the atmospheric nitrogen has δ 15 N = 0 and this low value can be transmitted up the food web [38, 39] . However, while nitrogen fixation has been reported in this zone, it showed relatively large variability in space and time [28, 40] . Alternatively, low δ 15 N values in plankton can be caused by isotopic fractionation during phytoplankton uptake when dissolved nitrogen concentrations are high, as during upwelling pulses [41] . In any case, these low δ 15 N values of epipelagic copepods were not observed in seston collected concurrently, thus, indicating a temporal mismatch between the composition of zooplankton and the available particles. Such a mismatch can be expected as the turnover time of isotopes in different organisms and is closely linked to their growth rates [42] . Seston samples would likely include phytoplankton and bacteria, along with their decay products, with generation times from hours to days [43] while those of typical herbivorous copepods would be ca. 30 d at the water surface temperatures observed in the survey stations, as estimated from physiologically-based models [44] . Because of the different turnover rates, the change in stable isotope signature of zooplankton often shows a substantial time lag with those observed in seston, as reported in other studies in this region [21] . Therefore, the use of multiple nitrogen sources cannot be excluded in the northernmost zone, while the homogeneity in nitrogen signatures observed for seston and herbivorous copepods in the oligotrophic zones implies the dominance of one single source, likely related with diffusive inputs of nitrate across the pycnocline [26, 45] .
Notwithstanding the effect of different nitrogen sources in each zone, the pre-assigned guilds showed a large overlap in δ 15 N values within zones and depth layers suggested a large plasticity in their trophic positions. Copepods were particularly variable, either as species that were reported as typical filter feeders or as carnivores [33] . Previous studies of copepods from the tropical and subtropical Atlantic also reported a large variability in δ 15 N that was closely related to their migratory or non-migratory behavior [21, 46] . For instance, ontogenetic migrations of Calanoides carinatus, a typical filter feeder on surface phytoplankton, carried its low δ 15 N values to deep water layers affecting the isotopic signature of non-migrating carnivorous species [46] . In the case of large mesozooplankton, their relative high mobility would facilitate access to various prey types, thus, enhancing zonal δ 15 N variability, as reported for euphausiids [47] and decapods [48] . Only chaetognaths always had the highest δ 15 N values in agreement with their carnivore feeding and high trophic position in planktonic food webs [49] [50] [51] . These results point out to the importance of omnivory in pelagic food webs, as the access to prey distributed over several trophic levels enhances trophic connectivity and likely also ecosystem stability and resilience to perturbations [52] . Intermediate trophic positions, as those expected in plankton and their direct consumers, display a large range of diet variation among individuals, thus, increasing their range of individual trophic positions [53] . Therefore, the existence of a large degree of omnivory in plankton consumers across water layers would facilitate survival in an environment where the ultimate source of food (that is, the phytoplankton) is scarce. Opportunistic feeding on either phytoplankton, detritus, or other organisms greatly enlarges the isotopic niche of zooplankton species, either for those performing vertical migrations or for non-migrants. In the first case, because the migrants can access different prey types in different water layers, as chaetognaths. In the latter, because the migrant prey are accessible to deep-dwelling carnivores, as exemplified by the ontogenetic migrant C. carinatus [21, 46] .
A general increase of δ 15 N with depth, as found in all guilds in this study, was also reported in other studies with zooplankton [19] [20] [21] . Such an increase was interpreted as the consequence of the growing importance of omnivory and carnivory in deep layers depleted in phytoplankton. Furthermore, feeding on detritus contributes to the elevated δ 15 N values as settling organic particles become progressively depleted of light isotopes during microbial decay [54, 55] . Increased omnivory and carnivory is also supported by the high-protein specific respiration rates and increase in protein catabolism measured in zooplankton from oligotrophic zones [56, 57] and expected in deep water layers.
The other major implication of the increase of the zooplankton δ 15 N signal with depth is that most zooplankters feed at the same layer where they are collected, either because they do not migrate to other layers or because they only feed in deep layers. Our results support, in part, the non-migratory feeding strategy, particularly in zones 1 and 2 where similar δ 15 N values were observed in samples collected in the same layer during the day and those collected during the night. However, the significant increase in δ 15 N observed in night samples in mesopelagic layers of the oligotrophic zone 3 suggests the migration of species feeding below these layers (that is, at bathypelagic layers). Because isotopic equilibration for most of the zooplankton groups considered in this study would require more than the few hours spent between day and night samplings [58] it must be concluded that, at least for oligotrophic zones, zooplankton feeding in bathypelagic layers migrate during the night to mesopelagic layers. This is supported by the increase in the intensity of vertical migrations by myctophid fish species (consumers of plankton), from north to south, reported for the same MAFIA cruise sampled in the present study [32] . According to the "cascading migration" hypothesis, these predators would follow their prey in their migrations through the different layers. The large availability of resources in the productive zones (particularly in zone 1) would make the vertical migration to the surface unnecessary for deep-dwelling zooplankton species as these zones would also have high rates of particle export to deep layers [54] . In addition, the dominance of protein catabolism and excretion over assimilation processes in deep water layers would increase δ 15 N values of zooplankton living in these layers, as the light nitrogen isotopes would be preferentially mobilized [4] . This interpretation agrees with the results reported for the eastern tropical Pacific where the zooplankton showed a strong depth gradient in δ 15 N below the oxycline implying an increase in trophic cycling below a layer of minimum oxygen concentration, while the δ 15 N values in the epipelagic layer were consistent with a primary feeding on surface seston [59] . However, in the latter study, not all species followed the pattern indicated by in situ feeding, as migratory species showed intermediate δ 15 N values. Studies in other zooplankton taxa also revealed that only some species, generally those of large size, perform vertical migrations (for example, krill) [60] .
Active feeding migrations between layers would imply the homogenization of the isotopic composition of plankton and, thus, a large overlap in the isotopic niche for adjacent layers. Our extended analysis with δ 13 C revealed a low overlap between upper mesopelagic and epipelagic niches, where almost half of the plankton do not migrate (niche overlap ≤ 50%). However, high migration (overlap > 50%) was observed within the mesopelagic layer, particularly in the tropical zone.
The latter result contrasts with the situation reported in the eastern tropical Pacific where the isotopic niche of zooplankton above or below the oxygen minimum zone did not overlap [58] . Such a difference could be explained by the smaller magnitude of the oxygen decrease in our study zone relative to the reported for the Pacific, even when taking into account the layer of low oxygen concentration detected in zone 2 [30] . The high variability in niche overlap between the epipelagic and lower mesopelagic layers in all zones, with values exceeding those found between the epipelagic and upper mesopelagic layers, further supports the partial migratory behavior of zooplankton. Migration would explain the increase in the size of the isotopic niche with depth in oligotrophic zones (Figure 6 ), as the migrants would have access to a large variety of prey. In contrast, the high availability of resources in the upper layers of the productive zones would favor in situ feeding (that is, feeding at the same water layer where the organism is found) and low migration rates for zooplankton living in productive regions. However, large niche overlap does not imply a competition for food as the competition may be alleviated by a different use of resources [61] . For instance, lipid profiles and stable isotopes revealed a major contribution of phytoplankton for some copepod species (for example, Calanoides carinatus) while other species (for example, Pleuromamma abdominalis) showed a significant contribution of bacteria, likely through the feeding on ciliates and bacterivorous plankton [21] . A study with samples of the same MAFIA cruise concluded that some of the most abundant mesopelagic fish species had a similar trophic position but different and variable diets due to the availability of planktonic prey in each zone [32] .
The relatively large overlap of the isotopic niches within the mesopelagic zone (200-800 m) found in this study supports in part the "cascading migrations" hypothesis [8] but also suggests that such migrations would depend on food availability at each zone. Zooplankton living in the lower mesopelagic and bathypelagic layers of the oligotrophic ocean would need to complement the local diet with prey from the upper layers, where prey concentration and variety increases. The migration of a given species would trigger the migration of their predators, as illustrated by the parallel change in δ 15 N in all guilds found in zone 3 ( Figure 4c) .
Our results align with those of previous studies with stable isotopes suggesting a major importance of in situ feeding for deep zooplankton, mainly supported by the progressive increase of δ 15 N with depth in most species and groups [19] [20] [21] . However, the large variability observed in the niche overlap between layers, along with the increase in niche size with depth in oligotrophic zones, suggests that feeding migrations depend on the availability of prey, ultimately determined by the magnitude of zonal primary production. While deep zooplankton δ 15 N can increase by the consumption of detrital particles progressively altered by microbial reworking, the role of enhanced catabolism and excretion needs to be examined, as the latter processes also contribute to the increase. Therefore, it is possible that studies using only δ 15 N measurements have underestimated vertical migrations of deep zooplankton if the consumption of low δ 15 N prey in surface layers do not compensate the increase due to feeding and excreting at depth. Future studies would require specific measurements of zooplankton metabolism in deep layers to clarify this issue, either through experiments [4] or enzymatic assays [56, 57] . Otherwise, the application of isotopic niche metrics provided additional tools to the study of vertical migrations of zooplankton and a trophic framework to interpret the changes observed with single isotopes.
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